The new silver chromate silicate Ag 6 (CrO 4 )(SiO 4 ) has been obtained from Ag 2 O and SiO 2 by solid-state reaction at elevated temperature and oxygen pressure in stainless-steel autoclaves. It crystallizes in space group I4 1 /amd (no. 141) with a = 7.256(2), c = 17.584(6)Å, V = 925.9(5)Å 3 , Z = 4; the structure refinement was based on 314 independent reflections and resulted in R1 = 0.0488, wR2 = 0.0987 (I ≥ 2σ (I)). The crystal structure consists of isolated CrO 4 and SiO 4 tetrahedra which are linked by Ag cations. The two different types of Ag atoms are in a square-planar fourfold, and linear twofold coordination by oxygen atoms, respectively. The linearly coordinated Ag atoms combined with the SiO 4 tetrahedra form a three-dimensional 3 ∞ [Ag 4 SiO 4 ] framework, accommodating the CrO 4 tetrahedra and the remaining Ag atoms in the voids. The CrO 4 tetrahedron shows slightly enlarged displacement parameters indicating somewhat enhanced librational motion of the rigid body.
Introduction
Silver silicates have been studied intensively in the past, due to some of their special physical properties [1, 2] as well as to structural features in the context with possible attractive d 10 -d 10 interactions between silver cations [3, 4] . The syntheses of such ternary silver oxides with high silver contents are commonly complicated because of the limited thermal stability of Ag 2 O, and the number of accessible and well-characterized ternary compounds has grown distinctly after techniques for syntheses at elevated oxygen pressures had become available [5 -11] . Today, a number of silver silicates with Ag/Si ratios varying between 2 and 5 is known, with some of them showing unusual features, as there are the first tetrasilicate, Ag 10 Si 4 O 13 [8] , and Ag 5 SiO 4 , a subvalent compound with respect to silver [9] . Surprisingly, only recently the supposedly simplest compound, Ag 4 SiO 4 , was obtained as a pure phase and structurally characterized [10] . The "Ag 4 SiO 4 ", reported first in 1958 [12, 13] , turned out to be the mixed silicate nitrate Ag 9 (SiO 4 ) 2 (NO 3 ) [14] , a composition that well complies with the method of synthesis, where melts of AgNO 3 Here we report on Ag 6 (CrO 4 )(SiO 4 ) which is representing another example of stuffed Ag 4 SiO 4 .
Experimental Section
Ag 6 (CrO 4 )(SiO 4 ) was obtained as a by-product during experiments at elevated oxygen pressures and temperatures in stainless-steel autoclaves [17] . Ag 2 O and SiO 2 were used as the reaction mixture in molar ratios around 2 : 1, water was added as a mineralizer, while chromium was dissolved from the autoclave wall under the reaction conditions. Crystals for structure determination were found after an experiment performed at 300 • C and 20 MPa oxygen pressure for 84 h.
EDX analyses were carried out on crystals of different samples with a Philips XL 30 TMP, equipped with an energy dispersive unit for microanalysis (Phoenix, EDAX). The Ag/Cr/Si ratios of the dark-red crystals were found to be close to 6 : 1 : 1. A single crystal suitable for X-ray diffraction was selected and glued onto the tip of a glass capillary. Single crystal data were collected on an IPDS-II diffractometer (Stoe & Cie, Darmstadt, MoK α , graphite monochromator, absorption correction by the integration method). The structure was solved by Direct Methods [18a], and all metal atoms were found at this stage, while the oxygen atoms were localized by Fourier analyses, refinement by full-matrix, and least-squares calculations based on F 2 [18b] . A summary of the data collection and processing, the crystallographic parameters, as well as details on structure solution and refinement are given in Table 1. The atomic coordinates and displacement parameters are shown in Tables 2 and 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-informationsdienste.de/en/DB/icsd/depot anforde rung.html) on quoting the deposition number CSD-420804.
Results and Discussion
Dark-red crystals of Ag 6 (CrO 4 )(SiO 4 ) were obtained as a by-product of preparations originally aiming at silver silicates [10, 16] , when elevated oxygen pressures with water added as mineralizer were applied in stainless-steel autoclaves [17] . While silver(I) oxide and silicon dioxide were given as the reaction mixture, the chromium is part of the autoclave steel and was dissolved from the autoclave wall under the reaction conditions. This is in accordance with former observations [19 -21] : the presence of water is crucial for the formation of chromates in such experiments, and the release of chromium from the autoclave material can be reduced or even completely suppressed by applying mineralizers of higher pH values like diluted aqueous KOH. Furthermore, the formation of chromates is favored by high reaction temperatures and long experiment times in aged, frequently used autoclaves. (Fig. 1) . While the SiO 4 geometry complies well with that known from related silicates [10, 16] , the Cr-O distances appear shorter compared to other chromates [21, 23] , and both MO 4 units -but particularly the CrO 4 unitsare slightly flattened to form a bisphenoid with respect to their extension along the c axis (see Table 4). Two crystallographically independent silver cations are present in the structure, Ag(2) located slightly above the center of a square of four oxygen atoms and Ag(1) in a dumbbell-like coordination by two O(1) atoms with two more oxygen atoms at a larger distance (see Fig. 2 tetrahedron, bearing the lower charge among the two complex anions present, and the Ag(2) atoms are located in channels inside the "Ag 4 SiO 4 " framework, and the Ag-O bond lengths are slightly longer than those within the framework. No mixed occupation, neither of the Si, nor of the Cr site, has been found in the structure refinement, although both tetrahedral anions are of very similar size. Obviously the charge difference is sufficient to cause full ordering. The different two-and fourfold silver coordinations observed in the new compound resemble that in the "parent" structures Ag 4 SiO 4 and Ag 2 CrO 4 : the fourfold coordination of silver atoms by squares of oxygen atoms is also found in Ag 2 CrO 4 [23] , while in Ag 4 SiO 4 the silver atoms are coordinated As frequently observed in silver-rich compounds [3, 4] a short distance of 2.97Å between silver cations close to the interatomic distances in elemental silver (2.89Å) is found.
Taken together, the cations form an ordered variant of a distorted cubic close packing with oxygen atoms in tetrahedral voids. Following from that cation packing both, the CrO 2− 4 and SiO 4− 4 tetrahedra, are surrounded by distorted cuboctahedra of silver atoms (Fig. 4) . A [22] and Ag 6 (CrO 4 )(SiO 4 ) are larger, as is to be expected owing to the partially bigger cations (see Table 5 ). The volume increase is about 5 % in both cases. While for Ag 6 (SO 4 )(GeO 4 ) the expansion is almost isotropic, surprisingly, in Ag 6 (CrO 4 )(SiO 4 ) the volume increase exclusively results from elongation of the tetragonal a and b axes, while the c axis is even the shortest of all three compounds, slightly below the value for Ag 6 (SO 4 )(SiO 4 ). Obviously the c axis is affected to a higher degree by the sizes of the SiO 4 and GeO 4 tetrahedra. This finding supports the structure description given as a rigid framework consisting of Ag 4 MO 4 units (M = Si, Ge). As seen in Fig. 3 , the SiO 4 tetrahedra act as a spacer in the [001] direction between the layers of Ag(1) atoms. These layers of Ag(1) atoms at the special 16 f position with fixed z parameter (top and bottom positions in Fig. 4) Table 4 ]. The required additional space for the larger CrO tetrahedron show a higher degree of thermal motion expressed by the large displacement parameters of these atoms, particularly of the O(2) atoms. The O (2) ellipsoid has its largest extension (U 33 ) perpendicular to the Cr-O bond and almost parallel to the c axis, i. e. the direction of the tetrahedral distortion. Thus the large displacement parameters of these atoms seem to be an expression rather of the internal stress caused by the lack of space than of the lower fixation of the chromate tetrahedron.
